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NOMENCLATURE 


A 

AB 

ALFA,  a 


B 

BETA 
BETA,  fM 

BL 

c 

c 


<L 

CA 

CAB 

CLL 

CLM 

CLN 

CN 

CP 

CY 

FS 

M 

P 

PART 

PBA 

PHIA 


Reference  area;  F-4,  1.325  ft2,  F-lll,  0.91146  ft2 
F-lll  model  base  area,  0.03169  ft2 

Model  anqle  of  attack  measured  between  the  relative 
wind  vector  and  the  reference  waterline,  deg 

Wing  span,  F-4,  1.93  ft,  F-lll,  2.625  ft 

Model  sideslip  angle,  deg 

Measured  local  wing  surface  flow  angle  in  the  yaw 
plane  (Preston  tube) ,  deg 

Model  buttline,  in. 

Local  wing  chord,  in. 

Wing  mean  aerodynamic  chord;  F-4,  0.802  ft, 


F-lll,  0.377  ft 
Model  centerline 

Total  axial-force  coefficient,  total  axial  force/Q.A 
Base  axial-force  coefficient,  -AB(PBA  -  PJ/Q.A 
Rolling-moment  coefficient,  rollinq  moment/Q.A.B 
Total  pitching-moment  coefficient,  pitting  ncment/Q.  A.c 
Yawing-moment  coefficient,  yawing  moment/Q.A.B 
Normal-force  coefficient,  normal  force/Q.A 
Pressure  coefficient 

Side-force  coefficient,  side  force/Q.A 
Fuselage  station,  in. 

Free-stream  Mach  number 
Free-stream  static  pressure,  psfa 
Run  (data  set)  identification  number 


A.- c c  :>  .  on  .  or 

>'  IC  .llAAl 
ICC  178 

•’  •:  cc-4 
■  ii  u  Ulon 


Average  base  pressure,  psfa 
Model  roll  anqle,  deg 


-  Zl 

—irjv-  i 'ULCodrs 
j  Avail  n;.d/ox- 
i-poclal 


PT 


Total  pressure  measured  in  the  tunnel  stilling 
chamber,  psfa 

PTi  Preston  tube  pressures,  psfa  (see  Fig.  lc) 

Q  Free- stream  dynamic  pressure,  psf 

WL  Model  water  line,  in. 

X/C  Fraction  of  wing  chord  measured  from  the  leading 

edge 

Y/C  Fraction  of  wing  chord  measured  vertically  from 

chord  line 

A  Wing  leading-edge  sweep,  deg 
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1.0  INTRODUCTION 


The  work  rejK>rted  herein  was  conducted  by  the  Arnold 
Engineering  Development  Center  (AKDC) ,  Arnold  Air  Force 
Station,  Tennessee,  under  Program  Element  65807F.  The  Air 
Force  project  monitor  was  Mr.  A.  1’.  Money.  The  objective  of 
the  Flight  Vehiclt  Motion  Simulation  project  (P32F-30)  is  to 
provide  a  motion  analysis  and  simulation  ca^abi  1 1 ty  at  the 
AEDC  and  to  stay  .'(  least  of  and  contribute  to  technology  in 
three  areas:  (1)  dynamic  derivative  estimation,  (2)  aiiframe 

flexibility  effect;.,  and  (3)  aerodynamic  hysteresis.  The 
wind  tunnel  test,  reported  on  herein,  wns  conducted  in  support 
of  the  hyst  et  «•;  Ll  phMt  ol  t  he  project  under  ARC)  Project  No. 
P41C-A1  in  the  Aei«'i  ynamic  Kind  Tunnel  (4T)  from  March  27 
tnrouyn  Aj  ■  l 1  5,  1974. 

The  t<  ;;t  objectives  were  to  obtain  (1)  force  and  wing 
pressure  data  on  a  1/20-scale  model  of  the  F-4C  aircraft  and 
(2)  force  data  on  a  1/24- scale  model  of  the  F-lll  aircraft 
with  wing  sweep  angles  of  20  and  54  deg  n  regions  of  aero¬ 
dynamic  hysteresis.  The  test  was  conducted  in  three  phases: 

(1)  wing  pressure  data  for  the  l'-4C  model  (the  model  was  non¬ 
metric  during  thin  phase),  (2)  force  data  for  the  F-4C  model 
(pressuie  lines  were  disconnnected  near  the  wing  trailing 
edge),  and  (3)  force  data  for  the  F-lll  model.  In  addition, 
tuft  and  oil  flow  visualization  data  weic  obtained  for  selected 
conf igurat ions . 

Requests  data  from  these  tests  should  be  addressed  to  the 
Director  of  Test  Engineering  ( AEDC /DOT ) ,  Arnold  Air  Force 
Station,  Tennessee  37369.  A  copy  of  the  final  data  is  on  file 
on  microfilm  at  AEDC. 


2 . 0  APPARATUS 


2.1  TEST  FACILITY 

The  Aerodynamic  Wind  Tunnel  (4T)  in  closed-loop  con- 
tinous  flow,  variable-density  tunnel  in  which  the  Mach  number 
can  be  varied  from  0.1  to  1.3  and  can  be  set  at  discrete  Mach 
numbers  of  1.6  and  2.0  by  placing  nozzle  inserts  over  the 
permanent  sonic  nozzle.  At  all  Mach  numbers,  the  stagnation 
pressure  can  be  varied  from  300  to  3.70C),  psfa.  The  test 
section  is  4  ft  square  and  12.5  ft  long  with  perforated 
variable-porosity  (0.5-  to  10-pcrcent  open)  walls.  It  is 
completely  enclosed  in  a  plenum  chamber  from  which  the  air 
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can  be  evacuated,  allowing  part  of  the  tunnel  airflow  to  be 
removed  through  the  perforated  walls  of  the  test  section. 

The  model  support  system  consists  of  a  sector  and  sting 
attachment  which  has  a  pitch  angle  capability  of  -8  to  28  deg 
with  respect  to  the  tunnel  centerline  and  a  roll  capability 
of  -180  to  180  deg  about  the  sting  centerline.  A  more  com¬ 
plete  description  of^the  tunnel  may  be  found  in  the  Test 
Fac i 1 i t i es  Handbook . 

2.2  TEST  ARTICLES 

Details  of  the  1/20-scale  F-4C  model  arc*  presented  in 
Figure  la.  The  left  wing  of  the  model  was  constructed  with 
74  static  pressure  orifices  located  at  two  spanwise  stations 
as  shown  in  Fig.  lb.  Figure  1c  pre.se-  t-  an  identification 
key  as  used  in  the  tabulated  wing  pressure  data.  Tabulated 
locations  of  the  wing  static  pressure  orifices  are  given  in 
Table  1.  A  Preston  tube  was  located  on  the  left  wing  upper 
surface  as  shown  in  Fig.  lc  and  detailed  in  Fig.  Id.  Various 
simulated  leading-*  Ige  slats  which  were  tested  with  th<>  basic 
wing  are  shown  in  Fig.  le.  A  configuration  identification 
free  laminar-to-turbulent  boundary  layer  transition  was  allowed 
on  all  model  components. 

Details  of  the  1/24-scale  F-lll  model  are  presented  in 
Fig.  2a.  For  limited  testing,  the  boundary  layer  was  tripped 
by  applying  No.  150  glass  t><  ads  as  shown  in  Fig.  2b.  Both 
aircraft  models  were  tested  without  pylons  or  external  stores. 
The  models  installed  in  the  tunnel  are  shown  in  Fig.  3. 

2.3  INSTRUMENTATION 

A  six-component,  internal  strain-gage  balance  was  used 
to  measure  the  aerodynamic  forces  and  moments  for  each  of  the 
models  tested;  however,  the  force  and  moment  data 

*Test  Facilities  Handbook  (Tenth  Edition).  "Propulsion 
Wind  Tunnel  Facility,  Vol .  4."  Arnold  Engineering  Development 
Center,  May  1974 


obtained  during  Phase  1  must  be  used  with  caution  because 
the  model  was  non-metric  due  to  external  wing  pressure 
tubes.  Base  pressures,  total  pressure  at  the  exit  plane 
of  the  flow  through  ducts,  and  one  cavity  pressure  for  the 
F-lll  model  were  measured  using  orifice  tubes  connected 
to  differential  pressure  transducers  of  the  PWT  4T  pressure 
system.  During  Phase  1,  the  PWT  4T  pressure  system  was 
used  to  measure  the  pressure  sensed  at  the  wing  orifices 
of  the  F-4  model.  A  camera  was  installed  in  the  top  or 
side  wall  of  the  tunnel  to  provide  flow  visualization  data. 

F.lectrical  signals  from  the  balances,  pressure  trans¬ 
ducers,  and  standard  tunnel  instrumentation  were  processed 
by  the  PWT  data  acquisition  system  for  online  data  reduction. 
The  balance  outputs  were  also  recorded  on  an  oscillograph 
for  monitoring  model-balance  dynamics.  Selected  coeffi¬ 
cients  were  also  graphically  displayed  on  a  cathode  ray 
tube  plotter  during  the  test  for  online  evaluation  of  data. 

3.0  TEST  DESCRIPTION 

3.1  TEST  CONDITIONS  AND  PROCEDURES 

The  nominal  test  conditions  at  which  the  test  was 
conducted  are  listed  in  Table  3.  Force  and  moment  data 
were  obtained  while  varying  the  model  angle  of  attack  or 
the  sideslip  angle  at  a  constant  Mach  number  and  total 
stagnation  pressure.  All  polars  were  run  automatically 
(pitch-pause)  utilizing  online  computer  facilities  which 
set  the  model  pitch  and  roll  angles  to  give  the  prescribed 
values  of  angle  of  attack  and  sideslip  angle.  Angle  of 
attack  was  varied  from  -2  to  24  deg  and  anqle  of  sideslip 
was  varied  from  -12  to  12  deg.  In  addition  to  the  force 
and  moment  data,  selected  configurations  were  examined 
using  flow-visualization  techniques.  Fluorescent  tufts 
were  attached  to  the  model  or  fluorescent  oil  was  painted 
on  the  model  surfaces,  after  which  the  test  conditions  were 
established  and  the  model  attitude  was  set.  The  model  was 
then  photographed  using  an  ultraviolet  flash.  Two  typical 
photographs  obtained  in  this  manner  are  presented  in  Fig.  4. 

3.2  CORRECTIONS 

The  anqle  of  attack  and  sideslip  angle  were  corrected 
for  stinq  and  balance  deflections  caused  by  aerodynamic 
loads.  Corrections  for  the  components  of  model  weiqht, 
normally  termed  static  tares,  were  also  applied  to  the  data. 
Several  of  the  model  configurations  were  tested  both  upright 
and  inverted  to  provide  the  data  to  correct  for  the  tunnel 
flow  angularity  in  the  pitch  plane. 
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3.3  DATA  REDUCTION 


The  model  aerodynamic  forces  and  moments  were  reduced 
to  coefficient  form  in  the  body  and  stability-axes  systems. 
The  model  base  pressure  was  measured  and  used  to  determine 
the  base  axial-force  which  was  then  used  to  determine  the 
forebody  coefficients  for  the  F-lll  model  only.  Moment 
reference  points  for  the  F-4  and  F-lll  models  are  qiven 
in  Fiq .  la  and  2a,  respectively. 


3.4  UNCERTAINTY/PRECISION  OF  MEASUREMENTS 


The  data  uncertainties  determined  for  a  95-percent 
confidence  level  are  presented  in  Table  4.  The  aerodynamic 
coefficient  uncertainties  include  the  uncertainties  of  the 
Mach  number  and  dynamic  pressure  alonq  with  the  uncertainty 
contribution  associated  with  the  particular  balance,  trans¬ 
ducers,  and  data  acquisition  system. 


The  precision  in  settinq  and  maintaininq  a  specific 
Mach  number  was  iO.OOS.  The  Mach  number  variation  in  the 
test  section  occupied  by  the  model  was  no  qreater  than 
10.005  for  Mach  numbers  up  to  0.95  and  10.01  for  Mach 
numbers  qreater  than  1.0.  The  uncertainty  in  the  model  anqle 
of  attack  and  roll  anqle  was  0.1  deq  and  10.30  deq,  respectively. 


4.0  DATA  PACKAGE  PRESENTATION 


The  final  data  packaqe  contained  tabulated  data,  flow 
visualization  photographs,  and  installation  photoqraphs. 

A  part  number  summary  of  the  data  is  presented  in  Table  5. 

A  sample  of  the  point-by-point  test  data  for  Phase  I  is 
shown  in  Table  6a.  An  example  of  the  summary  test  data  is 
shown  in  Table  6b.  All  data  parameters  used  herein  are 
defined  in  the  nomenclature  of  this  report.  The  nomenclature 
for  the  parameters  appearinq  in  the  tabulated  data  is  pre¬ 


sented  in  Table  7. 
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PLAN  VIEW  OF  OUTER  PANEL 


Model  l 


PlJkN  VIEW  OF  INNER  PANEL 


-  Model  ^ 


PLAN  VIEW  OF  INNER  PANEL 


n  Inches 


e.  Simulated  leading-edge  slata 
Figure  1.  Concluded 
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General  arrangement  drawing 


DIMENSIONS  IN  INCHES 
#150  GLASS  BEADS 
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TRANSITION  STRIP  USED  ONLY 
FOR  LIMITEO  TESTING 


b.  Boundary  layer  transition  strip  location 
Figure  2.  Concluded 


F-4C  -  Configuration 
Figure  3.  Continued 


Figure  3.  Concluded 


a.  Tuft  Flow  Visualization 

Fi*ur*-  1.  Tvptcal  Flow  Visualization  Result 
i  =  15  d«>K.  e  =  2  dog  (  Incn-a-l  n« 
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Table  1.  Tabulated  Locations  of  Winn  Static  Pressure  Orifices 


Inboard  Upper  Surface 


NO. 

x/c 

Y/C 

NO. 

X/C 

Y/C 

1 

0 

0 

14 

0. 2998 

0.03050 

2 

0.00997 

0.00883 

15 

0.3199 

0.03067 

3 

0.0255 

0.01406 

16 

0.3509 

0.03081 

4 

0.0501 

0.01908 

17 

0.3811 

0.03077 

5 

0.0755 

0.02230 

18 

074104 

0.03065 

6 

0.0999 

0.02436 

19 

0.4405 

0.02038 

7 

0.1291 

0.02585 

20 

0.4708 

0.02995 

a 

0. 1611 

0.02731 

21 

0. 5007 

0.02914 

9 

0. 2004 

0.02866 

22 

0 . 5308 

0.02868 

10 

0.2212 

0.02919 

23 

0.5611 

0.02781 

1 1 

0. 2409 

0.02962 

24 

0.5812 

0.02714 

12 

0. 2606 

0.02997 

25 

0.6019 

0.02637 

13 

0.2801 

0.03027 

26 

0.6204 

0.02562 

27 

0.6415 

0.02465 

Inboard  Lower  Surface 


NO. 

X/C 

Y/C 

28 

0.6610 

0.02369 

29 

0.6822 

0.02255 

30 

0.7013 

0.02145 

31 

0.7204 

0.02029 

32 

0.7410 

0.01888 

33 

0.7613 

0.01745 

34 

0.7810 

0.01604 

35 

0.8006 

0.01465 

36 

0.8259 

0.01283 

37 

0.8514 

0.01100 

38 

0.8760 

0.00925 

39 

0.9010 

0.00747 

40 

0.9506 

0.00399 

41 

1 . 0000 

0.00042 

4 

0.0986 

0.01442 

7 

0.7035 

0.01796 

5 

0.2995 

0.02259 

8 

0.9013 

0.00633 

6 

0.4983 

0.02377 

9 

1 . 0000 

0.00042 

Outboard  Upper  Surface 


1 

0 

0 

2 

0.0232 

0  00934 

3 

0.0528 

0.01214 

1 

0 

0 

8 

0.2584 

0.02294 

2 

0.0211 

0.01016 

9 

0.3199 

0.02350 

3 

0.0482 

0.01432 

10 

0.3826 

0.02356 

4 

0.0787 

0.01684 

11 

0.4420 

0.02308 

5 

0.1192 

0.01888 

12 

0.5024 

0.02235 

6 

0. 1489 

0.02022 

13 

0.5532 

0.02132 

7 

0 . 200 1 

0.02178 

14 

0.6055 

0.01992 

Outboard  Lover  Surface 


15 

0.6552 

0.01825 

16 

0.7056 

0.01621 

17 

0.7559 

0.01377 

18 

0.8061 

0.01092 

19 

0.8564 

0.00695 

20 

P . 9083 

0.00569 

21 

1 . 0000 

0.00085 

m 

0 

0 

2 

0.0627 

0.00360 

3 

0. 1055 

0.00340 

4 

0.3525 

0.00886 

5 

0.7056 

0.00952 

6 

0.9083 

0.00360 

7 

1 . 0000 

0.00085 
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Table  2.  Model  Configuration  Nomenclature 


-  - 


Configuration 

No. 


Configuration 


1.  Baseline  F-4C  model 

2.  F-4C  with  S^,  S2,  and 

3.  F-4C  with 

4.  F-4C  with  S2 

5.  F-4C  with  Sj  and  S2 

6.  F-4C  with  Sj 

F-lll  with  boundary  layer  transition  strip, 
A  =  54  deg 

8*  F-lll  clean,  A  =  54  deg 

9.  F-lll  clean,  A  =  26  deg 
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Table  3.  Summary  of  I 
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PT 
ps  f  a 

0 . 70 
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1  .  10 

1 . 20 

1 . 30 

na 1  Test  Conditions 


Q 

R  x 

10"6 

ps  f 

1/ 

ft 

295 

2 

18 

352 

2 

32 

378 

2 

37 

402 

2 

42 

424 

2 

51 

476 

2 

50 

500 

2 

52 

513 

2 

50 
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Table  4 


tACN  tACY  tACA 


0.03  0.008  0.004 


2  I  0.007  I  0 .003 


0 . 006 


*  ACA 


ACN 


*  ACY 


i  ACLM 


Flow  Visualization 


Table  5.  Concluded 
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Table  7.  Tabulated  Data  Nomenclature 

Test  Data  Identification  and  Wind  Tunnel  Parameters 

PART  Run  (data  set)  identification  number 

POINT  Data  point  number 

PROJECT  Project  number 

TEST  Test  number 

DATE  Date  of  data  acquisition 

DAY  Day  (of  year)  of  data  acquisition 

HR  Hour  of  data  acquisition 

MN  Minute  of  data  acquisition 

SC  Second  of  data  acquisition 

MB  Set  point  Mach  number 

DM  Mach  number  tolerance 

SCHED  Tunnel  wall  porosity  schedule 

MODE  Data  acquisition  mode 

ERCODE  Error  code 

PROS  DATE  Date  of  data  processing 

WIND  OFF  Wind-off  part  and  point  number 

M  Free-stream  Mach  number 

PT  Free-stream  stagnation  pressure,  psfa 

0  Free-stream  dynamic  pressure,  psf 

P  Free-stream  static  pressure,  psfa 

RX10-6  Free-stream  unit  Reynolds  number  x  10  \  10^/ft 

AI.FI  Pitch  sector  indicated  pitch  angle,  deg 

PH  1 1  Pitch  sector  indicated  roll  angle,  deq 

TTA-X  Total  temperature  measured  in  the  tunnel  stilling 

chamber  -  A  system,  °F 

TTB-X  Total  temperature  measured  in  the  tunnel  stilling 

chamber  -  B  system,  °F 
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Table  7.  Continued 


PTA-X  Total  pressure  measured  in  the  tunnel  stillinq 

chamber  -  A  system,  psfa 

PTB-X  Total  pressure  measured  in  the  tunnel  stillinq 

chamber  -  B  system,  psfa 

PCA-X  Tunnel  plenum  chamber  pressure  -  A  system,  psfa 

PCB-X  Tunnel  plenum  chamber  pressure  -  B  system,  psfa 

PF.  Tunnel  diffuser  pressure,  psfa 

TPR  Tunnel  pressure  ratio,  PT/PE 

WA  Test  section  wall  anqle,  deq 

POR  Averaqe  tunnel  wall  porosity  ,  percent  of  wall 

area  open  to  test  section  plenum 

_  ? 

SCX100  Tunnel  specific  humidity  x  100,  lb/lb  x  10 
PM  Hygrometer  mixture  pressure,  psfa 

TDP  Hyqrometer  dew  point  temperature,  °F 

Note:  The  suffixed  "X's"  with  TT,  PT,  and  PC  indicate  the 

primary  system  and  the  proqram  checks  on  system  aqreement. 

The  suffixed  nomenclature  is  as  follows: 

X  =  1  Primary  system 

X  =  2  Secondary  system 

X  -  0  Delete  checks  on  system  aqreement 

Body  Axes  Coefficients/Base  Pressures/Exit  Pressures 

ALFA  Model  angle  of  attack  measured  between  the  relative 

wind  vector  and  the  reference  water  line,  deq 

BETA  Model  sideslip  angle,  deg 

PHTA  Model  roll  anqle,  positive  riqht  winq  down,  deq 

CN  Normal-force  coefficient 

CLM  Pitchinq-moment  coefficient 

CY  Side-force  coefficient 

CLN  Yawing-moment  coefficient 
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Table  7.  Continued 


CLL  Ro 1 1 i  nq  -  moment  coefficient 

CA  Total  axial-force  coefficient 

CAF  Forebody  axial-force  coefficient,  CA-CAB 

CPB ^  Base  pressure  coefficient 

CPF ^  Flow-thru  duct  total  exit  pressure  coefficients 

Stability  Axes 

CLS  Lift  coefficient 

CLM  Pi tchinq-moment  coefficient 

CY  Side-force  coefficient 

CLNW  Yawi nq-moment  coefficient 

CI-LS  Rol  1  inq-moment  coefficient 

CD  Total  draq  coefficient 

CDB  Base  draq  coefficient 

CDF  Forebody  draq  coefficient,  CD-CDB 

PBj  Base  pressure,  psfa 

PF(  Flow  thru  duct  total  exit  pressure,  psfa 

Balance  Roadinqs/Gross  Forces 

RMMl  Balance  forward  pitchinq  moment  qaqe  readinq 

RMN 1  Balance  forward  yawinq  moment  readinq 

RFA  Balance  axial  force  qaqe  readinq 

RMI,  Balance  rollinq  moment  qaqe  readinq 

RMM2  Balance  aft  pitchinq  moment  qaqe  readinq 

RMN 2  Balance  aft  yawinq  moment  qaqe  readinq 

FNG  Gross  normal  force,  lb 

MMG  Gross  pitchinq  moment,  in. -lb 

FYG  Gross  side  force,  lb 


Table  7. 


Cont inued 


MNG  Gross  yawing  moment,  in. -lb 

FAG  Gross  axial  force,  lb 

MLG  Gross  rolling  moment,  in. -lb 

PCAV  Cavity  pressure,  psfa 

Net  Forces  and  Transferred  Moments/Static  Tares 
FN  Net  normal  force,  lb 

MM  Net  transferred  pitching  moment,  in. -lb 

FY  Net  side  force,  lb 

MN  Net  transferred  yawing  moment,  in. -lb 

FA  Net  total  axial  force,  lb 

ML  Net  rolling  moment,  in. -lb 

AL.FO  Flow  correction  angle  in  pitch,  deg 

FNST  Normal  force  tare,  lb 

MMST  Pitching  moment  tare,  in. -lb 

FYST  Side  force  tare,  lb 

MNST  Yawing  moment  tare,  in. -lb 

FAST  Axial  force  tare,  lb 

MLST  Rolling  moment  tare,  in. -lb 

4T  Pressure  System  Information 

SLOPE  Pressure  settling  slope  criteria,  psf/sec 

T-OUT  Time  out  criteria,  sec 

FLAGi  Indicator  if  pressure  settling  criteria  was 

settled  at  time  of  data  acquisition  (1  =  1, 
loop  1;  i  =  2,  loop  2) 

TRFQi  Time  required  for  settlinq 

LCSi  Last  channel  to  settle 

NLCSi  Next  to  last  channel  to  settle 
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Table  7. 


Concluded 


NCNSi  Number  of  channels  not  settled  at  time  of  data 

acquisition 

Phase  1  Pressures  -  Winq/Preston  Tube/Tunnel  Conditions 

X/C  Fraction  of  winq  chord  measured  from  the  leadinq 

edge 

CPi  Wing  pressure  coefficient 

PTi  Preston  tube  pressures,  psfa 

BF.T AM  Measured  local  winq  surface  flow  angle  in  the  yaw 

plane  (Preston  tube) ,  deg 


PCBLi 

Tunnel  plenum 

B  system,  psfa 

chamber  p 

ressure 

during 

data 

cycle 

PTBLi 

Total  pressure 

measured 

in  the 

tunnel 

sti  1 

ling 

chamber  during 

data  eye 

le  -  B 

system , 

psfa 
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